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(57) ABSTRACT 

A pigmented phase change ink composition comprising an 
ink carrier, a dispersing agent, and pigment particles. The 
ink can be resistant to Substantial aggregation and settling of 
the pigment particles in the melt and even when exposed to 
freeze thaw cycles. 
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PGMENTED PHASE CHANGE INKS 

RELATED APPLICATION 

0001 Commonly assigned U.S. patent application Ser. 
No. , filed concurrently herewith (Attorney Docket 
No. 126798), describes a phase change ink comprising an 
ink vehicle, at least one colorant and at least one dispersant, 
wherein the at least one dispersant comprises at least one 
triamide, and at least one bis-lurethane and/or at least one 
carbamate resin. 
0002 The appropriate components and process aspects of 
the foregoing, such as the dispersant materials, may be 
selected for the present disclosure in embodiments thereof. 
The entire disclosure of the above-mentioned application is 
totally incorporated herein by reference. 

BACKGROUND 

0003. Described herein are inks such as solid phase 
change or hot melt inks that may be used in a number of 
copying and printing devices. More particularly, described 
herein are inks that include an ink vehicle, pigment particles, 
and a dispersant that stabilizes the pigment particles, for 
example by comprising first functional groups that anchor 
the dispersant to the pigment particles and second functional 
groups that are compatible with the ink vehicle. 
0004. In embodiments, an advantage associated with the 
pigmented phase change inks disclosed herein is that the ink 
may be used in place of a conventional dye-based ink of the 
same color, thereby giving inks with improved image per 
manence. Improved image permanence is provided based on 
the improved colorfastness, lightfastness, and durability 
typically provided by pigments. 
0005. The phase change ink compositions illustrated 
herein in embodiments are solid at room temperature, for 
example from about 23° C. to about 27°C. and are suitable 
for inkjet printing processes, particularly thermal ink jet 
printing processes. 

REFERENCES 

0006 Inkjetting devices are well known in the art. As 
described in U.S. Pat. No. 6,547.380, inkjet printing sys 
tems are generally of two types: continuous stream and 
drop-on-demand. In continuous stream inkjet systems, ink 
is emitted in a continuous stream under pressure through at 
least one orifice or nozzle. The stream is perturbed, causing 
it to break up into droplets at a fixed distance from the 
orifice. At the break-up point, the droplets are charged in 
accordance with digital data signals and passed through an 
electrostatic field that adjusts the trajectory of each droplet 
in order to direct it to a gutter for recirculation or a specific 
location on a recording medium. In drop-on-demand sys 
tems, a droplet is expelled from an orifice directly to a 
position on a recording medium in accordance with digital 
data signals. A droplet is not formed or expelled unless it is 
to be placed on the recording medium. There are generally 
three types of drop-on-demand inkjet systems. One type of 
drop-on-demand system is a piezoelectric device that has as 
its major components an ink filled channel or passageway 
having a nozzle on one end and a piezoelectric transducer 
near the other end to produce pressure pulses. Another type 
of drop-on-demand system is known as acoustic ink print 
ing. As is known, an acoustic beam exerts a radiation 
pressure against objects upon which it impinges. Thus, when 
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an acoustic beam impinges on a free Surface (i.e., liquid/air 
interface) of a pool of liquid from beneath, the radiation 
pressure which it exerts against the Surface of the pool may 
reach a sufficiently high level to release individual droplets 
of liquid from the pool, despite the restraining force of 
Surface tension. Focusing the beam on or near the Surface of 
the pool intensifies the radiation pressure it exerts for a given 
amount of input power. Still another type of drop-on 
demand system is known as thermal inkjet, or bubble jet, 
and produces high velocity droplets. The major components 
of this type of drop-on-demand system are an ink filled 
channel having a nozzle on one end and a heat generating 
resistor near the nozzle. Printing signals representing digital 
information originate an electric current pulse in a resistive 
layer within each ink passageway near the orifice or nozzle, 
causing the ink vehicle usually water) in the immediate 
vicinity to vaporize almost instantaneously and create a 
bubble. The ink at the orifice is forced out as a propelled 
droplet as the bubble expands. 
0007. In a typical design of a piezoelectric inkjet device, 
the image is applied by jetting appropriately colored inks 
during four to eighteen rotations (incremental movements) 
of a Substrate Such as an image receiving member or 
intermediate transfer member with respect to the inkjetting 
head, i.e., there is a small translation of the printhead with 
respect to the substrate in between each rotation. This 
approach simplifies the printhead design, and the Small 
movements ensure good droplet registration. At the jet 
operating temperature, droplets of liquid ilk are ejected from 
the printing device and, when the ink droplets contact the 
surface of the recording substrate, either directly or via an 
intermediate heated transfer belt or drum, they quickly 
solidify to form a predetermined pattern of solidified ink 
drops. 
0008. Thermal inkjet processes are well known and are 
described, for example, in U.S. Pat. Nos. 4,601,777, 4.251, 
824, 4,410,899, 4,412,224 and 4,532,530. 
0009 Inkjet printing processes may employ inks that are 
Solid at room temperature and liquid at elevated tempera 
tures. Such inks may be referred to as hot melt inks or phase 
change inks. For example, U.S. Pat. No. 4,490.731 discloses 
an apparatus for dispensing Solid ink for printing on a 
Substrate such as paper. In thermal inkjet printing processes 
employing hot melt inks, the solid ink is melted by the heater 
in the printing apparatus and utilized (i.e., jetted) as a liquid 
in a manner similar to that of conventional thermal inkjet 
printing. Upon contact with the printing Substrate, the mol 
ten ink Solidifies rapidly, enabling the colorant to Substan 
tially remain oil the surface of the substrate instead of being 
carried into the Substrate (for example, paper) by capillary 
action, thereby enabling higher print density than is gener 
ally obtained with liquid inks. Advantages of a phase change 
ink in ink jet printing are thus elimination of potential 
spillage of the ink during handling, a wide range of print 
density and quality, minimal paper cockle or distortion, and 
enablement of indefinite periods of nonprinting without the 
danger of nozzle clogging, even without capping the 
nozzles. 

0010 U.S. Pat. Nos. 5,006,170 and 5,122,187 disclose 
hot melt ink compositions Suitable for inkjet printing which 
comprise a colorant, a binder, and a propellant. 
0011 U.S. Pat. No. 5,593.486 describes a hot melt ink 
composition comprising (a) an ink vehicle that is solid at 
about 25°C. and having a viscosity of from about 1 to about 
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20 centipoise at a temperature suitable for hot melt inkjet 
printing, the temperature being greater than about 45°C., (b) 
a photochromic material, (c) an optional colorant, and (d) an 
optional propellant 
0012 Pigmented hot melt ink compositions that include 
various dispersants are also known. For example, pigmented 
hot melt ink compositions that Include SOLSPERSETM 
dispersants are described in WO99/42523 and U.S. Patent 
Publication No. 2003/0127021. Exemplary patents that dis 
close pigmented hot melt ink compositions using other 
dispersants include U.S. Pat. Nos. 5,053,079, 5,221,335, and 
6,001,901 and European Patent publications 535973 and 
535974. 

0013 The disclosures of each of the foregoing patents 
and publications are hereby incorporated by reference herein 
in their entireties. The appropriate components and process 
aspects of the each of the foregoing patents and publications 
may also be selected for the present compositions and 
processes in embodiments thereof. 

SUMMARY 

0014 While known compositions and processes are suit 
able for their intended purposes, a need remains for an 
improved colored phase change ink composition. For 
example, there remains a need for phase change inks with 
pigment colorants where the pigment particles are stable and 
well dispersed In the ink. There remains a need for pig 
mented phase change inks with improved image quality, 
improved light fastness, and reduced show through. A need 
also remains for pigmented phase change inks where the 
colorants have reduced agglomeration and settling in the ink 
when the ink is exposed to high temperatures for prolonged 
periods. A need also remains for pigmented inks with 
reduced clogging of the jets in the printhead. 
0015 There are a few challenges in incorporating an 
organic pigment into current solid ink formulation. Typical 
current ink formulations have many non-polar components 
that hinder pigment stabilization. On the other hand, organic 
pigments are anisotropic and have lower polarity that makes 
it difficult for long-term adsorption and stabilization by a 
dispersant. The low viscosity and high ink temperature 
requires a pigment dispersant that is anchored (such as 
adsorbed, attached or grafted) to the pigment particle and 
having a tail that is compatible with the low polarity vehicle. 
Thus, to Successfully disperse the pigments in typical cur 
rent low energy ink vehicles, a dispersant is needed Such that 
it strongly anchors (such as adsorbs) to the pigment particle 
to withstand high ink temperatures and have a tail that is 
compatible with the low polarity vehicle. 
0016 Described herein are inks, particularly solid inks, 
that include an ink vehicle, pigment particles, and a dispers 
ant that stabilizes the pigment particles, for example, that 
comprises first functional groups that anchor the dispersant 
to the pigment particles and second functional groups that 
are compatible with the ink vehicle. In embodiments, the ink 
compositions pass 1 um filtration through glass fiber filters, 
show Newtonian behavior, pass at least 3 freeze-thaw cycles 
and are stable for at least 10-14 days at 120° C., and/or 
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without showing any significant settling after 7 days at 120° 
C. The ink compositions can be successfully printed in a 
Solid ink printing apparatus. 

EMBODIMENTS 

0017 Examples of the phase change inks herein are inks 
that include an ink vehicle that is solid at temperatures of 
about 23°C. to about 27°C. for example room temperature, 
and specifically are solid attemperatures below about 60° C. 
However, the inks change phase upon heating, and are in a 
molten state at jetting temperatures. Thus, the inks have a 
viscosity of from about 1 to about 20 centipoise (cp), for 
example from about 5 to about 15 cp or from about 8 to 
about 12 cp, at an elevated temperature suitable for inkjet 
printing, for example temperatures of from about 60° C. to 
about 150° C. 
0018. In this regard, the inks herein may be either low 
energy inks or high energy inks. Low energy irks are solid 
at a temperature below about 40° C. and have a viscosity of 
from about 1 to about 20 centipoise such as from about 5 to 
about 15 centipoise, for example from about 8 to about 12 
cp, at a jetting temperature of from about 60° C. to about 
100° C. such as about 80° C. to about 100° C., for example 
from about 90° C. to about 100° C. High energy inks are 
solid at a temperature below 40° C. and have a viscosity of 
from about 5 to about 15 centipoise at a jetting temperature 
of from about 100° C. to about 180° C., for example from 
120° C. to about 160° C. or from about 125° C. to about 150° 
C. 
0019. Any suitable ink vehicle can be employed. Suitable 
vehicles can include paraffins, microcrystalline waxes, poly 
ethylene waxes, ester waxes, amides, fatty acids and other 
waxy materials, fatty amide containing materials, Sulfona 
mide materials, resinous materials made from different natu 
ral sources (tall oil rosins and rosinesters, for example), and 
many synthetic resins, oligomers, polymers, and copolymers 
such as further discussed below. 
0020 Examples of suitable amides include, for example, 
diamides, triamides, tetra-amides, cyclic amides and the 
like. Suitable triamides include, for example, those disclosed 
in U.S. Patent Publication No. 2004-0261656, the entire 
disclosure of which is incorporated herein by reference. 
Suitable other amides, such as fatty amides including 
monoamides, tetra-amides, and mixtures thereof, are dis 
closed in, for example, U.S. Pat. Nos. 4,889,560, 4,889,761, 
5,194.638, 4,830,671, 6,174,937, 5,372,852, 5,597.856, and 
6,174.937, and British Patent No. GB 2 238792, the entire 
disclosures of each are incorporated herein by reference. 
0021. Other suitable carrier materials that can be used in 
the Solid ink compositions include, for example, isocyanate 
derived resins and waxes. Such as urethane isocyanate 
derived materials, urea isocyanate-derived materials, ure 
thanefurea isocyanate-derived materials, mixtures thereof 
and the like. Further information on isocyanate-derived 
carrier materials is disclosed in, for example, U.S. Pat. Nos. 
5,750,604, 5,780,528, 5,7823,966, 5,783,658, 5,827,918, 
5,830,942, 5,919,839, 6,255,432, and 6,309,453, British 
Patents Nos. GB 2294. 939, GB 2305928, GB 2305 670, 
and GB 2 290 793, and PCT Publications WO 94/14902, 
WO 97/12003, WO 97/13816, WO 96/114364, WO 
97/33943, and WO95/04760, the entire disclosures of each 
of which are incorporated herein by reference. 
0022. Examples of suitable ink vehicles include, for 
example, ethylene/propylene copolymers, such as those 
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available from Baker Petrolite. Commercial examples of 
such copolymers include, for example, Petrolite CP-7 
(Mn=650), Petrolite CP-11 (Mn=1,100, Petrolite CP-12 
(Mn=1,200) and the like. The copolymers may have, for 
example, a melting point of from about 70° C. to about 150° 
C., such as from about 80°C. to about 130° C. or from about 
90° C. to about 120° C. and a molecular weight range (Mn) 
of from about 500 to about 4,000. 
0023. Urethane derivatives of oxidized synthetic or 
petroleum waxes, such as those available from Baker Petro 
lite and of the general formulas 

O O 

wherein R is an alkyl group of the formula CH3(CH2), is 
an integer of from about 5 to about 200, for example from 
about 10 to about 150 or from about 10 to about 100 and R 
is an arylene group, may also be used as the ink vehicle. 
These materials may have a melting point of from about 60° 
C. to about 120° C., such as from about 70° C. to about 100° 
C. or from about 70° C. to about 90° C. Commercial 
examples of Such materials include, for example, Baker 
Petrolite CA-11 (Mn=790, Mw/Mn=2.2), Petrolite WB-5 
(Mn=650, Mw/Mn=1.7), Petrolite WB-17 (Mn=730, 
Mw/Mn=1.8), and the like. 
0024. Another type of ink vehicle may be n-paraffinic, 
branched paraffinic, and/or naphthenic hydrocarbons, typi 
cally with from about 5 to about 100, such as from about 20 
to about 80 or from about 30 to about 60 carbon atoms, 
generally prepared by the refinement of naturally occurring 
hydrocarbons, such as BESQUARE 185 and BE SQUARE 
195, with molecular weights (Mn) of from about 100 to 
about 5,000, such as from about 250 to about 1,000 or from 
about 500 to about 800, for example such as available from 
Baker Petrollite. 
0025 Highly branched hydrocarbons, typically prepared 
by olefin polymerization, such as the VYBAR materials 
available from Baker Petrolite, Including VYBAR 253 
(Mn=520), VYBAR 5013 (Mn=420), and the like, may also 
be used. In addition, the ink vehicle may be an ethoxylated 
alcohol, such as available from Baker Petrolite and of the 
general formula 

| | | | | | | 
H------of-i-o- 

H. H. H. H. H. H. H. H. 
X. y 

wherein X is an integer of from about 1 to about 50, such as 
from about 5 to about 40 or from about 11 to about 24 and 
y is an integer of from about 1 to about 70, such as from 
about 1 to about 50 or from about 1 to about 40. The 
materials may have a melting point of from about 60° C. to 
about 150° C., such as from about 70° C. to about 120° C. 
or from about 80° C. to about 110° C. and a molecular 
weight (Mn) range of from about 100 to about 5,000, such 
as from about 500 to about 3,000 or from about 500 to about 
2,500. Commercial examples include UNITHOX 420 
(Mn=560), UNITHOX 450 (Mn=900), UNITHOX 480 
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(Mn=2,250), UNITHOX 520 (Mn=700), UNITHOX 550 
(Mn=1,100), UNITHOX 720 (Mn=875), UNITHOX 750 
(Mn=1,400), and the like. 
0026. As an additional example, the ink vehicle may be 
made of fatty amides, such as monoamides, tetra-amides, 
mixtures thereof, and the like, for example such as described 
in U.S. Pat. No. 6,858,070, incorporated herein by reference. 
Suitable monoamides may have a melting point of at least 
about 50° C., for example from about 50° C. to about 150° 
C., although the melting point can be outside these ranges. 
Specific examples of Suitable monoamides include, for 
example, primary monoamides and secondary monoamides. 
Stearamide, such as KEMAMIDE S available from Witco 
Chemical Company and CRODAMIDE S available from 
Croda, behenamidefarachidamide, such as KEMAMIDE B 
available from Witco and CRODAMIDE BR available from 
Croda, oleamide, such as KEMAMIDE U available from 
Witco and CRODAMIDE OR available from Croda, tech 
nical grade oleamide, such as KEMAMIDE O available 
from Witco, CRODAMIDE O available from Croda, and 
UNISLIP 1753 available from Uniqema, and erucamide 
Such as KEMAMIDE E available from Witco and CRODA 
MIDE ER available from Croda, are some examples of 
Suitable primary amides. Behenyl behenamide, such as 
KEMAMIDE EX666 available from Witco, stearyl steara 
mide, such as KEMAMIDE S-1 80 and KEMAMIDE 
EX-672 available from Witco, stearyl erucamide, such as 
KEMAMIDE E-180 available from Witco and CRODA 
MIDE 212 available from Croda, erucyl erucamide, such as 
KEMAMIDE E-221 available from Witco, oleyl palmita 
mide, such as KEMAMIDE P-181 available from Witco and 
CRODAMIDE 203 available from Croda, and erucyl steara 
mide, such as KEMAMIDE S-221 available from Witco are 
Some examples of Suitable secondary amides. Additional 
suitable amide materials include KEMAMIDE W40 (N.N'- 
ethylenebisstearamide), KEMAMIDE P181 (oleyl palmita 
mide), KEMAMIDE W45 (N,N'-thylenebisstearamide), and 
KEMAMIDE W20 (N,N'-ethylenebisoleamlide). 
0027 High molecular weight linear alcohols, such as 
those available from Baker Petrolite and of the general 
formula 

- 
wherein X is an integer of from about 1 to about 50, such as 
from about 5 to about 35 or from about 11 to about 23, may 
also be used as the ink vehicle. These materials may have a 
melting point of from about 50° C. to about 150°C., such as 
from about 70° C. to about 120° C. or from about 75° C. to 
about 110° C., and a molecular weight (Mn) range of from 
about 100 to about 5,000, such as from about 200 to about 
2,500 or from about 300 to about 1,500. Commercial 
examples include the UNILIN materials such as UNILIN 
425 (Mn=460), UNILIN 550 (Mn=550), UNILIN 700 
(Mn-700), and distilled alcohols, the viscosity of which at 
the jetting temperature in one embodiment can be from 
about 5 to about 50% higher than the non-distilled alcohol. 
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0028. A still further example includes hydrocarbon-based 
waxes, such as the homopolymers of polyethylene available 
from Baker Petrolite and of the general formula 

– 
wherein X is an integer of from about 1 to about 200, such 
as from about 5 to about 150 or from about 12 to about 105. 
These materials may have a melting point of from about 60° 
C. to about 150° C., such as from about 70° C. to about 140° 
C. or from about 80° C. to about 130° C. and molecular 
weight (Mn) of from about 100 to about 5,000, such as from 
about 200 to about 4,000 or from about 400 to about 3,000. 
Example waxes include PW400 (Mn about 400), distilled 
PW400, in one embodiment having a viscosity of about 10% 
to about 100% higher than the viscosity of the undistilled 
POLY WAXR 400 at about 110° C., POLY WAX 500 (Mn 
about 500), distilled POLY WAX(R) 500, in one embodiment 
having a viscosity of about 10% to about 100% higher than 
the viscosity of the undistilled POLY WAX(R) 500 at about 
110° C., POLY WAX 655 (Mn about 655), distilled POLY 
WAX(R) 655, in one embodiment having a viscosity of about 
10%, to about 50% lower than the viscosity of the undistilled 
POLY WAX(R) 655 at about 110° C., and in yet another 
embodiment having a viscosity of about 10% to about 50% 
higher than the viscosity of the undistilled POLY WAX(R) 655 
at about 110° C. POLY WAX 850 (Mn about 850), POLY 
WAX 1000 (Mn about 1,000), and the like. 
0029. Another example includes modified maleic anhy 
dride hydrocarbon adducts of polyolefins prepared by graft 
copolymerization, such as those available from Baker Petro 
lite and of the general formulas 

H H H H 

H----- 
H ano-sk 
H H H H 

H H. I ko- =ol, 
be bit 

wherein R is an alkyl group with from about 1 to about 50, 
such as from about 5 to about 35 or from about 6 to about 
28 carbon atoms, R is an ethyl group, a propyl group, an 
isopropyl group, abutyl group, an isobutyl group, or an alkyl 
group with from about 5 to about 500, such as from about 
10 to about 300 or from about 20 to about 200 carbonatoms, 
X is an integer of from about 9 to about 13, and y is an integer 
of from about 1 to about 50, such as from about 5 to about 
25 or from about 9 to about 13, and having melting points 
of from about 50° C. to about 150° C., such as from about 
60° C. to about 120° C. or from about 70° C. to about 100° 
C.; and those available from Baker Petrolite and of the 
general formula 
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wherein R and R are hydrocarbon groups aid R is either 
of one of the general formulas 

| | 
---it --- 

C C ORC CEO 
ca No1 so 

OR OH 

or a mixture thereof wherein R' is an isopropyl group, which 
materials may have melting points of from about 70° C. to 
about 150° C., such as from about 80° C. to about 130° C. 
or from about 90° C. to about 125° C., with examples of 
modified maleic anhydride copolymers including CER 
AMER 67 (Mn=655, Mw/Mn=1.1), CERAMER 1608 
(Mn=700, Mw/Mn=1.7), and the like. 
0030 Additional examples of suitable ink vehicles for the 
phase change inks include rosin esters; polyamides; dimer 
acid amides; fatty acid amides, including ARAMID C: 
epoxy resins, such as EPOTUF 37001, available from 
Riechold Chemical Company; fluid paraffin waxes; fluid 
microcrystalline waxes: Fischer-Tropsch waxes; polyvinyl 
alcohol resins; polyols; cellulose esters; cellulose ethers, 
polyvinyl pyridine resins; fatty acids; fatty acid esters; poly 
sulfonamides, including KETJENFLEX MH and KETJEN 
FLEX MS80; benzoate esters, such as BENZOFLEX S552, 
available from Velsicol Chemical Company; phthalate plas 
ticizers; citrate plasticizers; maleate plasticizers; Sulfones, 
Such as diphenyl Sulfone, n-decyl Sulfone, n-arnyl Sulfone, 
chloro phenyl methyl sulfone; polyvinyl pyrrolidinone 
copolymers; polyvinyl pyrrolidone/polyvinyl acetate 
copolymers; novolac resins, such as DUREZ 12 686. avail 
able from Occidental Chemical Company; and natural prod 
uct waxes, such as beeswax, monton wax, candelilla wax, 
GILSONITE (American Gilsonite Company), and the like: 
mixtures of linear primary alcohols with linear long chain 
amides or fatty acid amides, such as those with from about 
6 to about 24 carbon atoms, including PARICIN 9 (propy 
lene glycol monohydroxystearate), PARICIN 13 (glycerol 
monohydroxystearate), PARICIN 15 (ethylene glycol mono 
hydroxystearate), PARICIN 220 (N(2-hydroxyethyl)-12-hy 
droxystearamide), PARICIN 285 (N,N'-ethylene-bis-12-hy 
droxystearamide), FLEXRICIN 185 (N,N'-ethylene-bis 
ricinoleamide), and the like. Further, linear long chain 
sulfones with prom about 4 to about 16 carbon atoms, such 
as n-propyl Sulfone, n-pentyl Sulfone, n-hexyl Sulfone, 
n-heptyl sulfone, n-octyl sulfone, n-nonyl Sulfone, n-decyl 
Sulfone, n-undecyl sulfone, n-dodecyl Sulfone, n-tridecyl 
Sulfone, n-tetradecyl Sulfone, n-pentadecyl Sulfone, n-hexa 
decyl sulfone, and the like, are suitable ink vehicle materials. 
0031. In addition, the ink vehicles described in U.S. Pat. 
No. 6,906,118, incorporated herein by reference, may also 
be used. The ink vehicle may contain a branched triamide 
such as those described in U.S. Pat. No. 6,860,930, the 
disclosure of which is totally included here by reference. 
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X. 

f") 
CH-CH-C-CH2--O-CH-CH-HNH-C-(CH2)CH 

y 

CH2 o-ch-h Ni--cloch 
CH3 O 

Z 

wherein n has an average value of from about 34 equal to or 
less than 40, where x, y and Z can each be Zero or an integer, 
and wherein the sum of x, y, and Z is from about 5 and equal 
to or less than 6. 
0032. The ink vehicle may comprise one or more of the 
aforementioned suitable materials. 
0033. The ink vehicles for the phase change inks may 
have melting points of from about 60° C. to about 150° C. 
for example from about 80° C. to about 120° C. or from 
about 85° C. to about 110° C., as determined by, for 
example, observation and measurement on a microscope hot 
stage, wherein the binder material is heated on a glass slide 
and observed by microscope. Higher melting points are also 
acceptable, although printhead life may be reduced at tem 
peratures higher than 150° C. 
0034. In addition, the surface tension of the binder at the 
operating (jetting) temperature of the ink should be from 
about 20 to about 40 dynes per centimeter, for example from 
about 40 to about 65 dynes per centimeter, to enhance refill 
rates and color mixing. The operating, or jetting, tempera 
tures of the phase change inks generally are from about 60° 
C. to about 150° C. The viscosity of the ink at the operating 
temperature of the ink is generally from about 1 to about 20 
cp, for example from about 1 to about 15 cp or from about 
5 to about 15 cp. 
0035. The ink composition as a whole generally includes 
the ink vehicle (that is, exclusive of pigment particles, and 
the like) in an amount of from about 25% to about 99.5% by 
weight of the ink, for example from about 30% to about 90% 
or from about 50% to about 85% by weight of the ink. 
0036. The phase change inks of the disclosure also con 
tain in embodiments at least one colorant. The colorant is 
present in the ink in any desired amount, typically from 
about 0.5 to about 30 percent by weight of the ink vehicle 
or ink vehicle/propellant mixture, for example from about 1 
to about 50 percent by weight of the ink vehicle or ink 
vehicle/propellant mixture. In one embodiment, the colorant 
is a pigment and in another embodiment, the colorant is a 
mixture of at least two pigments. In another embodiment the 
colorant can be a dye. 
0037 Examples of suitable pigments include, but are not 
limited to, Violet PALIOGEN Violet 5100 (BASF); PALIO 
GEN Violet 5890 (BASF); HELIOGEN Green L8730 
(BASF); LITHOL Scarlet D3700 (BASF); Sunfast R. Blue 
15:4 (Sun Chemical 249-0592); Hostaperm Blue B4-G 
(Clariant); Hostaperm Blue B2G-D (Clariant); Permanent 
Red P-F7RK, Hostaperm Violet BL (Clariant); LITHOL 
Scarlet 4440 (BASF); Bon Red C (Dominion Color Com 
pany); ORACET Pink RF (Ciba); PALIOGEN Red 3871 K 
(BASF); Sunfast R. Blue 15:3 (Sun Chemical 24.9-1284): 
PALIOGEN Red 3340 (BASF); Sunfast R. Carbazole Violet 
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23 (Sun Chemical 246-1670); LITHOL Fast Scarlet L4300 
(BASF); Sunbrite Yellow 17 (Sun Chemical 275-0023): 
HELIOGEN Blue L6900, L7020 (BASF); Sunbrite Yellow 
74 (Sun Chemical 272-0558); Spectra PacR) C Orange 16 
(Sun Chemical 276-3016); HELIOGEN Blue K6902, K6910 
(BASF); Sunfast R Magenta 122 (Sun Chemical 228-0013): 
HELIOGEN Blue D6840, D7080 (BASF); Sudan Blue OS 
(BASF); NEOPEN Blue FF4012 (BASF); PV Fast Blue 
B2GO1 (Clariant); IRGALITE Blue BCA (Ciba); PALIO 
GEN Blue 6470 (BASF); Sudan Orange G. (Aldrich), Sudan 
Orange 220 (BASF); PALIOGEN Orange 3040 (BASF), 
PALIOGEN Yellow 152, 1560 (BASF); LITHOL Fast Yel 
low 0991 K (BASF); PALIOTOL Yellow 1840 (BASF); 
NOVOPERM Yellow FGL (Clariant); Lumogen Yellow 
D0790 (BASF); Suco-Yellow L1250 (BASF); Suco-Yellow 
D1355 (BASF); Suco Fast Yellow D1355, D1 351 (BASF); 
HOSTAPERM Pink E 02 (Clariant); Hansa Brilliant Yellow 
5GX03 (Clariant); Permanent Yellow GRL 02 (Clariant); 
Permanent Rubine L6B 05 (Clariant); FANAL Pink D48330 
(BASF); CINQUASIA Magenta (DUPONT), PALIOGEN 
Black L0084 (BASF), Pigment Black K801. (BASF); and 
carbon blacks such as REGAL330TM (Cabot), Carbon Black 
5250, Carbon Black 5750 (Columbia Chemical), mixtures 
thereof and the like. 

0038 Examples of dyes include Ushareet Blue 86 (Direct 
Blue 86), available from Ushanti Color; Intralite Turquoise 
8GL (Direct Blue 86), available from Classic Dyestuffs; 
Chemictive Brilliant Red 7BH (Reactive Red 4), available 
from Chemiequip; Levafix Black EB, available from Bayer; 
Reactron Red H8B (Reactive Red 31), available from Atlas 
Dye-Chem: D&C Red #28 (Acid Red 92), available from 
Warner-Jenkinson; Direct Brilliant Pink B, available from 
Global Colors: Acid Tartrazine, available from Metrochenm 
Industries. Cartasol Yellow 6GF Clariant; Carta Blue 2GL, 
available from Clariant; and the like. Particularly suitable 
are solvent dyes; within the class of solvent dyes, spirit 
soluble dyes are desirable because of their compatibility 
with the ink vehicles of the present invention. Examples of 
suitable spirit solvent dyes include Neozapon Red 492 
(BASF); Orasol Red G (Ciba); Direct Brilliant Pink B 
(Global Colors); Aizen Spilon Red C-BH (Hodogaya 
Chemical); Kayanol Red 3BL (Nippon Kayaku): Spirit Fast 
Yellow 3G: Aizen Spilon Yellow C-GNH (Hodogaya 
Chemical); Cartasol Brilliant Yellow 4GF (Clariant); Per 
gasol Yellow CGP (Ciba); Orasol Black RLP (Ciba); Savinyl 
Black RLS (Clariant); Morfast Black Conc. A (Rohm and 
Haas); Orasol Blue GN (Ciba); Savinlyl Blue GLS (San 
doz); Luxol Fast Blue MBSN (Pylam): Sevron Blue 5GMF 
(Classic Dyestuffs); Basacid Blue 750 (BASF), Neozapon 
Black X51 (C.I. Solvent Black, C.I. 12195 (BASF), Sudan 
Blue 670 C.I. 6155 (BASF), Sudan Yellow 146 (C.I. 
12700 (BASF), Sudan Red 462 C.I. 260501 (BASF) and 
the like. 

0039. In some embodiments, the colorant is a cyan pig 
ment, such as a beta-copperpthalocyanine pigment. Suitable 
cyan pigments include those that have a primary average 
particle size range from about 50 to about 200 nm as 
determined by transmission electron microscopy according 
to ASTM 3849, more preferably a particle size range of 50 
to 100 nm. The average primary particle size indicates the 
size of the primary particles of pigment present in the ink; 
these primary particles may form aggregates of two or more 
particles when present in the ink. Desirably, the selected 
pigment is wettable by a selected dispersant. 
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0040. The phase change iris of the disclosure also contain 
in embodiments at least one dispersant for the purposes of 
dispersing and stabilizing the pigment in the ink vehicle. To 
enable desired dispersion of the pigment colorants in the 
liquid vehicle, the dispersant generally comprises first func 
tional groups that anchor the dispersant to the pigment 
particles and second functional groups that are compatible 
with the ink vehicle. The first functional groups can suitably 
anchor or adsorb to the pigment particle by any Suitable 
means such as hydrogen bonding, chemical bonding, acid 
base reaction, Van der Waals interactions and the like. Thus, 
examples of Suitable first functional groups that anchor the 
dispersant to the pigment particles include Such functional 
groups as esters, amides, carboxylic acids, hydroxyl groups, 
anhydrides, urethanes, ureas, amines and salt groups such as 
quaternary ammonium salts, and the like. The first func 
tional groups anchor the dispersant to the pigment particles 
Such that the dispersant is, for example, adsorbed, attached 
or grafted to the pigment particle. Likewise, examples of the 
second functional groups that are compatible with the ink 
vehicle include Such groups as alkyl groups, which can be 
straight or branched, saturated or unsaturated and the like. 
These second functional groups are compatible with, in 
particular, low polarity ink vehicle components. 
0041) Specific examples of suitable dispersants are poly 
ester dispersants such as those disclosed in U.S. Pat. No. 
6,702,884, U.S. Pat. No. 6,841,590, the disclosures of which 
is totally incorporated herein by reference. Dispersants can 
include Solsperse 16000, Solsperse 28000, Solsperse 32500, 
Solsperse 38500, Solsperse 39000, Solsperse 54000, Sos 
perse 17000, Sospense 17940 from Noveon, Inc. as well as 
mixtures thereof. Examples of suitable polyester dispersants 
are disclosed in U.S. Pat. No. 3,996,059 the disclosure of 
which is totally incorporated herein by reference. Where the 
dispersant is a polyester of the formula 

H-O-R-CO-I-O-R-CO-X-R, 

wherein each R is an alkylene group, including linear, 
branched, Saturated, unsaturated, cyclic. Substituted, and 
unsubstituted alkylene groups containing at least 8 carbon 
atoms, such as from about 8 to about 40 carbon atoms or 
from about 8 to about 3(3 or from about 8 to about 20 carbon 
atoms, although the numbers can be outside these ranges: X 
is (i) an oxygen atom, (ii) an alkylene group which is 
attached to the carbonyl group through an oxygen or nitro 
gen atom with at least 2 carbon atoms; R is (i) a hydrogen 
atom, (ii) a primary, secondary or tertiary amine group or a 
salt thereof with an acid, or a quaternary ammonium salt 
group; and n is an integer representing a number of repeating 
groups, for example from 2 to about 20 or from about 2 to 
about 10. 

0042. Other examples of suitable dispersants include 
polyalkylene Succinimide dispersants such as those dis 
closed in U.S. Pat. No. 6,858,070, the disclosure of which is 
totally incorporated herein by reference. Dispersants can 
include the Chevron Oronite OLOA 11000, OLOA 11001, 
OLOA 11002, OLOA 11005, OLOA 371, OLOA 375, 
OLOA 411, OLOA 4500, OLOA 46001, OLOA 8800, 
OLOA 8900, OLOA 9000, OLOA 9200 and the like, com 
mercially available from Chevron Oronite Company LLC, 
Houston, Tex., as well as mixtures thereof. Other sutable 
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dispersants from Byk-Chemie include examples such as 
BYK P-105, an unsaturated polycarboxylic acid, BYK9076, 
an alkyl ammonium salt of high molecular weight co 
polymer, BYK 9077, Disperbyk 108, a hydroxy-functional 
carboxylic acid ester, Disperbyk 116, an acrylate co-poly 
mer, Disperbyk 140, a solution of an alkyl ammonium salt 
of an acid polymer in 2-methoxy-1-methylethyl acetate, 
Disperbyk 168, a solution of a high molecular weight block 
copolymer in a dicarboxylic acid ester, Disperbyk 2000, a 
Solution of a modified acrylate polymer in methoxypropyl 
acetate, Disperbyk 2001, a solution of a modified acrylate 
polymer in a mixture of methoxypropyl acetate, butylglycol 
and methoxypropanol. 
0043. Optionally, a propellant may be contained in the 
phase change ink, although it is not required in many ink 
compositions. Suitable propellants for the phase change 
inks, present in any effective amount Such as from about 10 
to about 90 percent by weight, for example from about 20 to 
about 50 percent by weight, of the ink generally have 
melting points of from about 500 to about 150° C., for 
example from about 80° to about 120°C. In another embodi 
ment, the propellants generally have a boiling point of from 
about 180° to about 250° C., for example from about 200° 
to about 230° C. Further, the surface tension of the propel 
lant in its liquid state at the operating temperature of the ink 
may be from about 20 to about 65 dynes per centimeter, for 
example from about 40 to about 65 dynes per centimeter, to 
enhance refill rates, paper wetting, and color mixing. In 
addition, the propellants ideally have a viscosity at the 
operating temperature of the ink of from about 1 to about 20 
centipoise, for example from about 1 to about 5 centipoise, 
to enhance refill and jettability. The propellant may also be 
thermally stable in its molten state so that it does not 
undergo decomposition to yield gaseous products or to form 
heater deposits. 
0044. The ink can also contain an antioxidant. The anti 
oxidants of the ink compositions protect the ink components 
from oxidation during the heating portion of tile ink prepa 
ration and jetting processes. Specific examples of Suitable 
antioxidants are set forth in U.S. Pat. No. 6,858,070, the 
disclosure of which is totally incorporated herein by refer 
ence. When present, the optional antioxidant is present in the 
ink in any desired or effective amount, in one embodiment 
of at least about 0.01% by weight of the ink carrier, in 
another embodiment of at least about 0.1% by weight of the 
ink carrier, and in yet another embodiment of at least about 
1% by weight of the ink carrier, and in one embodiment of 
equal to or less than about 20% by weight of the ink carrier, 
in another embodiment equal to or less than about 5% by 
weight of the ink carrier, and in yet another embodiment 
equal to or less than about 3% by weight of the ink carrier, 
although the amount can be outside of these ranges. When 
only one antioxidant is used, a hindered amine is preferred, 
e.g.: Naugard 445 antioxidant (obtained from Uniroyal 
Chemical Co., Middlebury, Conn. or Crompton Corpora 
tion) In other embodiments, mixtures of antioxidants used to 
improve melt processing stability and long-term thermal 
stability include, but are not limited to, hindered amines, 
phosphites, hindered phenols, hydroxylamines, lactones, 
tocopherols, thiosynergists, and the like. 
0045. The ink disclosed herein can also contain resins 
and waxes such as: Crodamide 203 (commercially available 
from Croda), Crodamide ORX (commercially available 
from Croda), Kemamide S-180 and E-180 (commercially 



US 2008/0098.927 A1 

available from Witco), Unislip 1750 (commercially avail 
able from Uniqema), Uniclear 80 (commercially available 
from Arizona), a dicapryladipate compatibilizer Such as 
Arizona SP-100, Vybar 263 and 243 commercially available 
from Baker Petrolite), 1-docosanol (commercially available 
from Aldrich), Unilin 700 (commercially available from 
Baker Hughes), Beeswax Cerra Bellina (commercially 
available from Kester Keunen), branched BK-42 ester (com 
mercially available from Kester Keunen), Kester Wax K82 
D., hydroxypolyester K-82-P, synthetic Karnauba K-82-H, 
Siliconyl Beeswax (commercially available from Kester 
Keunen), stearyl alcohol 98 NF (commercially available 
from Kester Keunen), Kraton D1101 (commercially avail 
able from Kraton Polymers), Behenyl Behenate, straight 
chain even numbered mono esters having a carbon chain 
from C-40 to C44 (commercially available from Kester 
Keunen as Kester Wax 72), synthetic paraffin wax of a sharp 
melting point such as Callista 158 (commercially available 
from Shell), microcrystalline branched hydrocarbon waxes 
such as Microwax HG (commercially available from Para 
melt), Mp=80-86, and Microwax P827, Kemamide S-221, 
polyethyleneglycol 400 distearate (commercially available 
from Mosselman); paraffin waxes such as HNP-9 and HNP 
12 (commercially available from Nippon Seiro Co.); semi 
crystalline wax such as HIMIC-2065 (commercially avail 
able from Nippon Seiro Co.); hydrogenated styrene 
butadiene copolymers of low molecular weight Such as 
Tuftec H1141.11102 (commercially available from Asahi 
Kasei Corp); ethylene-propylene copolymers such as 
EP-700 and EP-602 (commercially available from Baker 
Hughes); UnithoX 420 ethoxylate (commercially available 
from Baker Hughes); propylene-ethylene copolymer alco 
hols of melting point in the range of 65 to 100° C. (com 
mercially available from Baker Hughes); maleic anhydride 
mono-isopropyl maleate such as Ceramer 1251 (commer 
cially available from Baker Hughes); alpha olefin-maleic 
anhydride polymer of melting point of about 80 degree C. 
(commercially available from Baker Petrolite) (X-5399); 
oxidized ethene homopolymers Petrolite C-9500 (commer 
cially available from Baker Hughes); oxidized 1-propene 
with ethane, Cardis 314, (commercially available from 
Baker Hughes), Victory Amber wax (commercially avail 
able from Bareco), oxidized PE such as OX-020T (commer 
cially available from Nippon Seiro Co.). The ink can also 
contain paraffin waxes and microcrystalline waxes. Paraffin 
wax is a straight chain hydrocarbon having a melting point 
of about 49 to 71 degree C.; microcrystalline wax is sepa 
rated, from asphalts and is higher in MW and more branched 
than the paraffin wax. The melting point of microcrystalline 
waxes is between 60 and 89° C. Examples of suitable 
paraffin waxes are H-IP-3, 5,9,10,11 and HNP-12 (com 
mercially available from Nippon Seiro Co.). 
0046. The inks of embodiments may further include 
conventional additives to take advantage of the known 
functionality associated with Such conventional additives. 
Such additives may include, for example, defoamers, slip 
and leveling agents, plasticizers, pigment dispersants, etc. 
0047. Other optional additives such as dispersing agents 
or Surfactants may be present in the inks, typically in 
amounts of from about 0.01 to about 20 percent by weight. 
Plasticizers that may be used include pentaerythritol tetra 
benzoate, commercially available as BENZOFLEX S552 
(Velsicol Chemical Corporation), trimethyl titrate, commer 
cially available as CITROFLEX 1 (Monflex Chemical Com 
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pany), N,N-dimethyl oleamide, commercially available as 
HALCOMID M-18-OL (C.P. Hall Company), and the like, 
may be added to the ink vehicle, and nay constitute from 
about 0.5 to 20 percent of the ink vehicle component of the 
ink. Plasticizers can either function as the ink vehicle or can 
act as an agent to provide compatibility between the ink 
propellant, which generally is polar, and the ink vehicle, 
which generally is non-polar. 
0048 Preparation of pigmented phase change ink com 
positions can include the partial or total inclusion of ink 
components therein during the act of pigment dispersion 
making. This can also include the dispersing of pigment at 
various pigment concentrations at various temperatures with 
various inputted energies. The pigment can be processed, 
with or without at least one dispersant, such that it is 
dispersed by various means including ball mills, attritors, 
Cobol mills, Dyno mills, paint shakers, pearl mills, agitator 
mills, two-roll mills, high speed stirring, three-roll mills, 
flow jet mills, extruders, homgenizers, kneaders and the like. 
0049. The pigment can be processed, with or without at 
least one dispersant, with Suitable grinding media in any of 
the aformentioned dispersing equipment, where it is appli 
cable. Such as steel balls, glass balls, glass beads, polyeth 
ylene beads, Nylon beads, ceramic beads and the like. The 
phase change ink compositions may be prepared by com 
bining some or all of the components, heating the mixture to 
at least its melting point, for example from about 70° C. to 
about 120° C., and stirring the mixture, until a substantially 
homogeneous and uniform melt is obtained. When pigments 
are the selected colorants, the molten mixture may be 
Subjected to grinding in an attritor or ball mill apparatus to 
effect dispersion of the pigment in the ink vehicle. 
0050. Printed images may be generated with the inks 
described herein by incorporating one or more inks into an 
inkjet device, for example a thermal inkjet device, an 
acoustic inkjet device or a piezoelectric inkjet device, and 
concurrently causing droplets of the inks to be ejected in an 
imagewise pattern onto an image receiving Substrate Such as 
paper or transparency material. Each ink of the ink sets is 
typically included in a reservoir connected by any Suitable 
feeding device to the corresponding ejecting channels of the 
inkjet head. In the jetting procedure, the inkjet head may 
be heated, by any suitable method, to the jetting temperature 
of the inks. 
0051. The inks can also be employed in indirect printing 
inkjet applications, wherein when droplets of the melted ink 
are ejected in an imagewise pattern onto an image receiving 
substrate, the substrate is an intermediate transfer member 
and the ink in the imagewise pattern is Subsequently trans 
ferred from the intermediate transfer member to a final 
recording Substrate. The intermediate transfer member may 
be, for example, a drum. 
0052. In embodiments using an intermediate transfer 
member, the member may be heated to have a temperature 
on a Surface thereof of from about 45° C. to about 80°C. The 
elevated Surface temperature permits the ink to remain in a 
molten state while avoiding offset or ink splitting on the 
surface of the transfer member, thereby enabling good 
transfer of the image to the end image receiving Substrate 
Such as paper or transparency. 
0053. In embodiments, the inkjet system thus includes 
the aforementioned inks in an ink set comprised of at least 
three differently colored phase change inks, such as cyan, 
magenta, yellow and black inks. The system also includes an 
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inkjet device including an inkjet head consisting of one 
channel for each one of the differently colored phase change 
inks in the ink set, and a Supply path that Supplies each of 
the differently colored phase change inks to the respective 
channels of the inkjet head, for example from reservoirs 
containing each of the differently colored phase change inks. 
0054 Any suitable substrate or recording sheet can be 
employed, including plain papers such as XEROXRG 4200 
papers XEROX(RE 4024 papers, XEROX(R) Image Series 
papers, Courtland 4024 DP paper, ruled notebook paper, 
bond paper, silica coated paperS Such as Sharp Company 
silica coated paper, JuJo paper, Hammermill Laserprint 
Paper, and the like, transparency materials, fabrics, textile 
products, plastics, polymeric films, inorganic Substrates Such 
as metals and wood, and the like. 
0055. It is desirable that the pigmented ink have certain 
attributes that include having good filterability, remain 
stable over several successive freeze thaw cycles, and have 
good rheological stability for at least 10 days at 120° C. 
Furthermore, the inks do not show any significant settling 
after 7 days at 120° C., or after 14 days at 120° C. The 
disclosed inks, in embodiments, exhibit Newtonian rheology 
properties, in addition to improved stability. The disclosed 
pigmented inks can be printed over a temperature range of 
about 100° C. to about 150°C., however, it is advantageous 
to print at relatively lower temperatures to further reduce 
printing costs by reducing energy consumption. These prop 
erties indicate that the inks include well-dispersed pigment 
particles with no evidence of pigment particle flocculation 
and settling. 
0056. Embodiments described above will now be further 
illustrated by way of the following examples. These 
examples are intended to be illustrative, and the claims are 
not limited to the materials, conditions, or process param 
eters set forth in these embodiments. 

EXAMPLES 

Example 1 
Preparation of Ink Base 

0057. An ink base is prepared by mixing the following 
components by melting and homogeneously blended them 
together at 110°C. using an overhead stirrer: 54.75 parts by 
weight of a distilled Polyethylene Wax from Baker Petrolite, 
15.58 parts by weight triamide wax (triamide described in 
U.S. Pat. No. 6,860,930), 15.79 parts by weight S-180 (a 
Stearyl Stearamide) commercially available from Crompton 
Corp, 12.64 parts by weight KE-100 resin commercially 
available from Arakawa Corporation, triglycerides of hydro 
genated abietic (rosin) acid, from Arakawa Chemical Indus 
tries, Ltd., 1.06 parts by weight of a urethane resin that is the 
adduct of three equivalents of Stearyl isocyanate and a 
glycerol-based alcohol, prepared as described in Example 4 
of U.S. Pat. No. 6,309,453, the disclosure of which is totally 
incorporated herein by reference, and 0.21 parts by weight 
Naugard-445 (an antioxidant) available from Crompton 
Corp. 

Example 2 
Preparation of Cyan Pigmented Ink Concentrate 

0058. A base solution for the preparation of the ink 
concentrate is prepared by adding 17.58 g Solsperse 17000 
from Noveon Inc. to 162 g of the ink base prepared in 
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Example 1 and stirred for about 3 minutes at 120° C. A 
Szegvari 01 attritor pre-heated to 110° C. is charged with 
1800 g /8" 440 C Grade 25 stainless steel balls that are 
preheated to 120°C. The attritor is allowed to equilibrate for 
30 minutes upon which 26.37 g of Hostaperm B4G pigment 
from Clariant is added slowly to the ink base. A multi-staged 
impeller is then attached to the attritor and the speed 
adjusted to give an impeller tip velocity of about 7 cm/s. The 
pigmented mixture is allowed to attrite overnight for 19 
hours upon which the resultant ink concentrate shows excel 
lent free-flowing behavior which is discharged and separated 
from the steel balls in its molten state. 

Example 3 
Preparation of Cyan Pigmented Ink 

0059 A solution is made by blending 81.3 g of the ink 
base of Example 1 with 0.28 g of Solsperse 17000 in the 
oven at 120° C. This solution is added dropwise to 25.0 g of 
the pigment concentrate from example 2 in the oven at 120° 
C. while stirring at 300 RPM. The resulting pigmented ink 
is coarsely filtered at 120° C. past a 2 um glass fiber filter 
available commercially from Pall Corporation. Thereupon 
the dispersion is divided into two parts; half is filtered past 
1 um glass fiber filter, and the other half is aged at 120° C. 
for 7 days and then filtered through a fresh 1 um glass fiber 
filter also available commercially from Pall Corporation. 
The attributes of each filtration are similar to each other 
inferring that no significant flocculation or settling occurs in 
the ink from Example 3 over at least 7 days while at 120° C. 
Both the fresh and aged 1 um filtered samples were freeze 
thawed three times and filtered through 1 um after each 
freeze-thaw. The shear rate viscosity was measured on the 1 
um filtrates of the third freeze-thawed samples using an 
RFS3 rheometer from Rheometrics Scientific. The Table 
below shows the final ink formulation. 

Ink Vehicle Component Wt-Percent Amount 

Distilled Polyethylene Wax 51.85 
S-180 (Stearyl Stearamide) 14.96 
Triamide Component A 14.76 
KE-100 11.97 
Urethane resin Component B 1.OO 
Naugard-445 O.20 
Hostaperm B4-G 3.01 
Solsperse 17000 2.27 

The average viscosity of the ink at 120° C. (1 um filtered) 
was 10.8 cFs, and the average viscosity of the ink at 110° C. 
(1 um filtered) was 14.2 cFs. 

Example 4 
Stability and Printing Testing 

0060. To further test the stability of the inks, settling 
studies were performed. To determine the amount of pig 
ment settling in the ink, 2X5 g samples of two fresh and two 
inks that had been thermally aged for 7 days at 120°C. were 
put in narrow settling tubes and kept in the oven at 120°C., 
one set for 4 days and the other for 7 days. No visual settling 
was observed for any of the ink samples after they had been 
aged in the oven at 120° C. for 4 and 7 days. After the 4 and 
7 day aging periods the ink samples were removed from the 
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oven and allowed to solidify. Two prints of each of the ink 
samples were generated using a K-Printing Proofer manu 
factured by RK Print Coat Instruments where one print was 
made from sampling at the top of a given solidified ink 
sample and the other corresponding print was made from 
sampling at the bottom of the same respective solidified ink 
sample. The optical densities of all 16 K-proofs were 
measured by a SpectroScaan spectrodensitometer manufac 
tured by GretagMacbethTM to determine the variations in 
optical density between the top and bottom portions of each 
of the ink samples. It was observed that the K-proof print 
optical densities of the respective top and bottom samplings 
from each of the eight ink samples differed from a range of 
only 0.01 a.u. to 0.05 a.u. at 95% confidence level from 3 
optical density measurements performed for each K-proof 
print. This indicated that little or no pigment settling had 
occurred for any of the ink samples during the 4 and 7 day 
aging period at 120° C. 
0061 The ink formulations were successfully jetted at 
120° C. in the Xerox PHASERR 8200 and 8400 printers. 
0062 All of these studies indicate a printable, stable ink 
that is resistant to aggregation and settling of pigment 
particles at elevated temperature such as 120° C. 
0063. It will be appreciated that various of the above 
disclosed and other features and functions, or alternatives 
thereof may be desirably combined into many other different 
systems or applications. Also, various presently unforeseen 
or unanticipated alternatives, modifications, variations or 
improvements therein may be subsequently made by those 
skilled in the art, and are also intended to be encompassed 
by the following claims. 

What is claimed is: 
1. An ink composition comprising: 
an ink carrier, 
a dispersing agent, and 
pigment particles, 
wherein the dispersing agent stabilizes the pigment par 

ticles. 
2. An ink composition according to claim 1, wherein the 

dispersing agent comprises first functional groups that 
anchor the dispersing agent to the pigment particles and 
second functional groups that are compatible with the ink 
carrier. 

3. An ink composition according to claim 1, wherein the 
ink vehicle is selected from the group consisting of micro 
crystalline waxes, polyethylene waxes, ester waxes, fatty 
acids, fatty amides, ethylene/propylene copolymers, ure 
thane derivatives of oxidized synthetic or petroleum waxes, 
n-paraffinic hydrocarbons, branched paraffinic hydrocar 
bons, naphthenic hydrocarbons, highly branched hydrocar 
bons, ethoxylated alcohols, linear alcohols, hydrocarbon 
based waxes, modified maleic anhydride hydrocarbon 
adducts of polyolefins prepared by graft copolymerization, 
mixtures of monoamides and tetraamides, and mixtures 
thereof. 

4. An ink composition according to claim 1, wherein the 
ink carrier comprises at least one amide selected from the 
group consisting of monoamides, diamides, triamides, tetra 
amides, and mixtures thereof. 

5. An ink composition according to claim 1, wherein the 
ink composition is solid at a temperature below about 40°C. 
and has a viscosity of from about 1 to about 20 centipoise at 
a jetting temperature of the ink. 
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6. An ink composition according to claim 1, wherein the 
ink carrier is present in an amount of from about 25% to 
about 99.5% by weight of the ink. 

7. An ink composition according to claim 1, wherein the 
dispersing agent is present in an amount of from about 0.1 
to about 25 percent by weight. 

8. An ink composition according to claim 1, wherein the 
dispersing agent is present in an amount of from about 1 to 
about 5 percent by weight. 

9. An ink composition according to claim 2, wherein the 
first functional groups of the dispersing agent anchor the 
dispersing agent to the pigment particles by at least one of 
hydrogen bonding, chemical bonding, an acid-base reaction, 
and Van der Waals interactions. 

10. An ink composition according to claim 2, wherein the 
first functional groups of the dispersing agent are selected 
from the group consisting of esters, amides, carboxylic 
acids, hydroxy groups, anhydrides, urethanes, ureas, amines, 
and salt groups. 

11. An ink composition according to claim 2, wherein the 
dispersing agent is adsorbed, attached or grafted to the 
pigment particle. 

12. An ink composition according to claim 2, wherein the 
second functional groups of the dispersing agent are selected 
from the group consisting of straight and branched alkyl 
groups having from 1 to about 50 carbon atoms. 

13. An ink composition according to claim 1, wherein the 
dispersing agent is of the formula: 

H-O-R-CO--O-R-CO-X-R, 

wherein each R is an alkylene group; X is (i) an oxygen 
atom, (ii) an alkylene group which is attached to the carbo 
nyl group through an oxygen or nitrogen atom with at least 
2 carbon atoms; R is (i) a hydrogen atom, (ii) a primary, 
secondary or tertiary amine group or a salt thereof with an 
acid, or a quaternary ammonium salt group; and n is an 
integer between 2 and 20. 

14. An ink composition according to claim 13, wherein 
the alkylene group is selected from the group consisting of 
linear, branched, Saturated, unsaturated, cyclic. Substituted, 
and unsubstituted alkyl groups containing from about 8 to 
about 40 carbon atoms, and n is an integer between and 20. 

15. An ink composition according to claim 1, wherein the 
pigment particles are selected from the group consisting of 
cyan, yellow, magenta, and black pigment particles. 

16. An ink composition according to claim 1, wherein the 
pigment particles comprise a cyan phthalocyanine pigment. 

17. An ink composition according to claim 16, wherein 
the pigment particles have an average particle size from 
about 50 to about 200 nm. 

18. An ink composition according to claim 1, wherein the 
ink composition shows Newtonian behaviour, passes at least 
three successive freeze thaw cycles, and is stable for at least 
10 days at 120° C. 

19. An ink composition according to claim 1, wherein the 
ink composition further does not show any settling after 7 
days at 120° C. 

20. A method for making an irk jet ink composition, 
comprising: 

mixing an ink carrier, a dispersing agent, and pigment 
particles to form a homogeneous composition, 
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wherein the dispersing agent stabilizes the pigment par 
ticles. 

21. The method of claim 20, wherein the dispersing agent 
comprises first functional groups that anchor the dispersing 
agent to the pigment particles and second functional groups 
that are compatible with the ink carrier. 

22. The method of claim 20, comprising mixing the 
carrier and the colorant at a temperature of from about 100 
to about 140° C., and cooling the resultant composition. 

23. A method of forming an image, comprising: 
providing an ink composition comprising an ink carrier, a 

dispersing agent, and pigment particles, wherein the 
dispersing agent stabilizes the pigment particles, and 

applying the ink composition to a Substrate to form an 
image. 
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24. The method of claim 23, wherein the applying com 
prises ejecting droplets of the ink composition through an ink 
jet head. 

25. The method of claim 24, wherein a jetting temperature 
is from about 60° C. to about 150° C. 

26. The method of claim 23, further comprising applying 
the ink composition to an intermediate transfer member 
before applying the ink composition to the Substrate. 

27. A printer cartridge comprising an inkjet ink compo 
sition according to claim 1. 

28. A printer comprising a printer cartridge according to 
claim 27. 


